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属元素含量的对比分析，选择了 Mo 元素作为裂化反应的催化剂。 
利用下落床反应器研究了桉树木屑的热裂解。结果表明，随着热解温度的升
高，生物质炭的产量逐渐降低，气体产量逐渐升高，生物油的得率先升高后降低，
并在 500 ℃时达到 大得率（40.57%）。用 GC-MS 分析了桉树木屑热解的生物
油水相、生物油和生物轻油主要组分。结果表明生物油水相中共检测到 26 种化
合物，分属于酚类、酸类、酮类、烃类、醇类、醛类化合物，乙酸的相对质量分
数为 34.77%（除去水之外的化合物质量分数，下同），检测到 10 种酚类物质的
总质量分数为 35.98%。生物油中共检测到 19 种化合物，其中 13 种酚类物质总
的质量分数约为 49.70%，对甲氧基苯酚、2,6-二甲氧基苯酚和 2,6-二甲氧基-4-
（2-丙烯基）-苯酚的相对含量 高，分别为 7.28%、8.35%和 7.39%。生物轻油













































Biomass energy is a clean, environmental friendly and renewable energy with 
dominant advantages such as large reserves and dispersed distribution. Biomass can 
be converted into liquid bio-oil by pyrolysis, which can be upgraded to high quality 
bio-fuel. Bio-oil offers one of the most promising alternatives to fossil fuels and will 
also be an important source of chemical raw materials in the post-petroleum era. It is 
of great significance to develop bioenergy to relieve the shortage of liquid fossil fuel, 
and promote the upgrading of the industrial structure to guarantee the energy future of 
our country. 
According to the basic principles of biomass pyrolysis, a set of lab-scale system 
was established. The main components of five different biomass materials were 
analyzed by using Van Soest method with a cellulose tester. Eucalyptus sawdust was 
chosen as experimental material due to its high content of lignin (28.34%). Then 
common metallic elements in those five materials were analyzed with ICP-MS and 
the element Mo was used as the main catalyst according to the results of the analysis. 
    Biomass pyrolysis was studied through a falling bed reactor for dry distillation 
process. The results showed that the output of char decreased but gas increased 
respectively with increasing temperature. But the yield of bio-oil increased before 
decreasing and the maximum yield was obtained at 500 ℃（40.57%）. Aqueous phase, 
bio-oil and light bio-oil were analyzed with GC-MS. The results indicated that at least 
26 kinds of compounds were detected in aqueous phase defined as phenols, acids, 
ketones, hydrocarbons, alcohols and aldehydes. Acetic acid except water (34.77%) 
was the main components in aqueous phase of bio-oil and 10 kinds of phenols add up 
to 35.98%. Nineteen kinds of compounds were detected in bio-oil, and 13 of them 
were phenols, add up to 49.70%. As the most abundant components among them, 
mequinol, 2,6-dimethoxy-phenol and 2,6-dimethoxy -4-(2-propenyl)-phenol 
accounted for 7.284%, 8.345% and 7.387%, respectively. The amount of phenols and 
2-methoxy-phenol in light bio-oil were 41.648% and 13.305%, respectively. 
The upgrading of bio-oil were studied using synthetic catalysts. According to the 
on-line catalytic reaction, it suggested that the concentration of acetic acid (8.254%) 















take up 27.663% and 21.925%, respectively, in bio-oil. Off-line catalytic research 
showed that 24% acetic acid esters were obtained when the reaction was carried out 
by adding acid anhydride in the ratio of 3:5 (acid anhydride : light oil).  













第 1 章 绪论 
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预测，全球每年的能源需求将从 2006 的 117.3 亿 t 油当量增长至 2030 年的 170
多亿 t，平均每年增长率达到 1.6%。全球快速增长的能源需求，加速了不可再生




采 35 年，煤炭还可开采 150 年，天然气可供开采 50 年[3]。 
中国作为当今世界 大的发展中国家，社会经济发展日益迅猛，因此能源消
耗巨大，目前仅次于美国，居世界第二位。根据国家统计局发布的《中华人民共
和国 2011 年国民经济和社会发展统计公报》显示，我国 2011 年常规能源消耗总
量约折合 34.8 亿 t 标准煤，比上年增长 7.1%。如果按照国内生产总值 8%的年增
长率，能源消耗系数为 0.4，能源消耗年均增长 2.8%计算，到 2020 年我国共需
消耗 51.7 亿 t 标准煤[4]。由于我国经济发展的速度往往超出预期，因此能源消耗
总量也远远超出预算值，一些西方国家甚至为此捏造出了所谓的“中国能源威胁










































全球陆地上的绿色植物每年可将约 2×1011 t 碳转化为有机物，储存的总能量
约为 3×1021 J，相当于 600~800 亿 t 石油当量，是 2006 年全世界石油产量的 6~8
倍[8,9]。这些能量储存在各种生物质中，生物质又遍布高山、平原、盆地、河流、
海洋等，因此是地球上分布 广的能源。生物质能含硫量低，含氮量也不高，而
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